ABSTRACT-Trauma is the leading cause of death worldwide for individuals under the age of 55. Interpatient genomic differences, in the form of candidate single-nucleotide polymorphisms (SNPs), have been associated previously with adverse outcomes after trauma. However, the utility of these SNPs to predict outcomes based on a meaningful endpoint such as survival is as yet undefined. We hypothesized that specific SNP haplotypes could segregate trauma survivors from nonsurvivors. Genomic DNA samples were obtained from 453 blunt trauma patients, for whom complete daily clinical and biomarker data were available for 397. Of these, 13 patients were non-survivors and the remaining 384 were survivors. All 397 DNA samples were amplified, fragmented, and examined for 551,839 SNPs using the Illumina Infinium CoreExome-24 v1.1 BeadChip (Illumina). To enrich for likely important SNPs, we initially compared SNPs of the 13 non-survivors versus 13 matched survivors, who were matched algorithmically for injury severity score (ISS), age, and gender ratio. This initial enrichment yielded 126 SNPs; a further comparison to the haplotypes of the remaining 371 survivors yielded a final total of 7 SNPs that distinguished survivors from non-survivors. Furthermore, severely injured survivors with the same seven SNPs as non-survivor exhibited distinct inflammatory responses from similarly injured survivors without those SNPs, and specifically had evidence of altered Th17 cell phenotypes based on computational modeling. These studies suggest an interaction among genetic polymorphism, injury severity, and initial inflammatory responses in driving trauma outcomes.
INTRODUCTION
Traumatic injury induces an inflammatory response which is thought to impair organ function. If it is appropriate in magnitude, character, and duration, injury-induced inflammation is not in and of itself detrimental; rather, it is in most cases a homoeostatic, well-coordinated communication network.
However, the feed-forward loop of inflammation ! tissue damage/dysfunction ! inflammation can lead to organ dysfunction, nosocomial infection, and death (1) . To date, there are no definitive molecular diagnostics for trauma-induced inflammatory derangement and organ dysfunction, nor is there a therapeutic option besides supportive care. Thus, there is a major need for both accurate diagnosis and novel therapeutic options.
The need for novel diagnostic and therapeutic modalities for trauma-induced critical illness, combined with the extensive advances in understanding of, and data on, the human genome, has led to the hypothesis that genetic variability can drive outcomes following injury (2) . Genetic variability is typically observed via single-nucleotide polymorphisms (SNPs). SNPs are defined as single variants of one base in the genome, present in more than 1% of the population. Depending on their locus in the DNA, SNPs can have different effects. They can alter the mRNA sequence, potentially leading to a varied amino acid sequence, which might end in a functionally different protein. Furthermore, SNPs have the potential to affect the regulation of gene expression, alter the alternative splicing of the transcribed mRNA, or change mRNA half-life, thereby influencing the amount or the function of the encoded protein (3) .
The Inflammation and the Host Response to Injury largescale collaborative research program was the largest-scale effort in the shock community dedicated to defining the genomic underpinnings of the response to injury. Seminal work from this effort has shown that the magnitude of the changes in differentially expressed genes in circulating leukocytes assessed by a novel scoring system correlated with adverse outcomes in blunt trauma patients (4) . Numerous other efforts have suggested candidate SNPs, typically in inflammatory pathways, to be associated with adverse outcomes following trauma (2, 5) .
Despite these advances at the systems biology level, the complex interaction among genotype, the host's inflammatory response, and ultimate clinical outcomes remains elusive. Our group has been focused on deciphering the complexity of the inflammatory response to traumatic injury, in part by elucidating principal drivers and dynamic networks of inflammation and organ dysfunction in both experimental animals and trauma patients (6, 7) . We have leveraged a 493-patient observational study of human blunt trauma to help define dynamic inflammatory responses in highly matched patients that differed in etiology or outcome, including survival versus death (7) , to glean insights into how these SNPs might interplay with hostspecific differences in postinjury inflammation.
PATIENTS AND METHODS

Patients
Four hundred ninety-three blunt trauma patients were enrolled in this study following admission to the emergency department of the Presbyterian University hospital (a Level 1 trauma center), following Institutional Review Board approval and obtaining informed consent. DNA samples were obtained from 453 of the 493 patients. Three hundred ninety-seven of these 453 patients had complete daily clinical and biomarker records (Fig. 1A) . Of these 397 patients, 145 were females and 252 were males. The mean age was 48. 8 (Table 2 ). Due to the small n-number of both patient groups (S-7 SNP: n ¼ 10; S-0 SNP: n ¼ 19), the matching was performed manually and confirmed by using Fisher exact test, Student t test and MannWhitney U test (see below).
Patient sub-group matching
To compare trauma non-survivors with a highly matched group of survivors, we performed a pairwise, retrospective case-control study with 1:1 matching using clinical data from the 397 blunt trauma patients detailed above. Of these patients, 13 (3.2%) were non-survivors (mean age: 64.3 AE 5.2 [min: 19 years, max: 86 years]; ISS: 18.4 AE 1.7 [min: 9, max: 33]) with a male-to-female ratio of 10:3. The other 384 patients (96.8%) were survivors who were discharged following hospitalization in the ICU. We next sought to select a control sub-cohort of stringently matched survivors according to the following matching criteria: age (AE2 years), sex ratio (exact), and ISS score (AE2 points) calculated upon hospital arrival. To do so, the 13 non-survivors were matched to 13 survivors using IBM SPSS Statistics case-control matching (controlling for age, gender ratio, and injury severity). This resulted in the following 13 highly matched survivors (mean age: 64.3 AE 5.2 [min: 21 years, max: 88 years]; P ¼ 0.93 vs. non-survivors), with an equivalent male-to-female ratio of 10:3, and a highly matched injury severity (ISS: 18.3 AE 1.8 [min: 9, max: 35]; P ¼ 0.87 vs. non-survivors).
DNA sampling and single-nucleotide polymorphism genotyping
Whole blood samples were collected into heparinized tubes. DNA was extracted using the QIAamp DNA Blood Midi Kit (QIAGEN, Valencia, Calif) as per manufacturer's specifications. Single-nucleotide polymorphism genotyping was performed with 200 ng of genomic DNA input using the Human Core Exome-24 v1.1 BeadChip (Illumina, San Diego, Calif) following the manufacturer's Infinium HTS Assay protocol. Briefly, DNA was denatured in 0.1N NaOH and neutralized prior to isothermal amplification. Amplified DNA was fragmented and then hybridized to locus-specific 50mers that make up the array for 16-24 h with rocking at 488C. After removal of unbound or nonspecifically annealed DNA, single-base extension of the 50mer oligonucleotides was performed with labeled nucleotides, which were scanned using an Illumina iScan with autoloader 2.x. Data analysis was performed using Illumina Genome Studio 2.0. Based on this initial step, 126 SNPs were identified. In a second step, the frequencies of the discriminative 126 SNPs were compared between the nonsurvivors and the remaining 371 survivors, resulting in a total of 7 SNPs that were present at 100% in the 13 non-survivors and less than 50% in the 384 survivors.
Enrichment strategy
In order to enrich our dataset for SNPs likely to be associated with death following trauma, allele frequencies (homozygous: AA or BB; heterozygous: AB) for each genotype of all 551,839 SNPs were compared between the 13 nonsurvivors versus the 13 matched survivors. In the first step, those SNPs that had an allele frequency of 100% of one type and a difference greater than 50% between non-survivors and matched survivors were discriminated. Based on this initial step, 126 SNPs were identified: 44 SNPs had an allele frequency of 100% of one genotype in the non-survivors but < 50% in the matched survivors, and 82 SNPs had the reciprocal allele frequency. In a second step, the frequencies of the discriminative 126 SNPs were compared between the non-survivors and the remaining 371 survivors, resulting in a total of 7 SNPs that were present at 100% in the 13 non-survivors and less than 50% in the 384 survivors (Fig. 1B) .
Serial analysis of inflammatory mediators
Whole blood samples were withdrawn in heparinized tubes three times in the first 24 h after admission, and then daily for 7 days. The samples were kept on ice and centrifuged to obtain plasma, and then stored at À808C until assayed for inflammatory mediators. 
Statistical and computational analyses
To define if patient sub-groups differed with regard to demographics, clinical outcomes, or dynamic inflammatory responses, our analytic strategy was to apply a stepwise series of statistical and data-driven modeling techniques aimed at discovering significant differences, principal drivers, interconnected networks, and potential key regulatory nodes. We detail these analyses below:
1. D'Agostino & Pearson normality test was used to identify if the patient demographics and outcomes were distributed normally, using GraphPad Prism 7 (Graphpad Software Inc, San Diego, Calif). A P value of less than 0.05 was considered significant. 2. Student t test was used to compare differences between groups of patients with regard to normally distributed demographics and outcomes, using GraphPad Prism 7. A P value of less than 0.05 was considered significant. 3. The Mann-Whitney U test was used to compare differences between groups of patients with regard to non-normally distributed patient demographics and outcomes, using Graph Pad Prism 7. A P value of less than 0.05 was considered significant. 4. Fisher exact test was used to compare patient demographics and outcomes organized in contingency tables, using GraphPad Prism 7. A P value of less than 0.05 was considered significant. 5. Two-way ANOVA was used to determine time-dependent changes of circulating inflammatory mediators as a function of patient sub-group, using GraphPad Prism 7. A P value of less than 0.05 was considered significant. 6. Principal component analysis (PCA) (6) was carried out to identify those inflammatory mediators that were the most characteristic of the overall dynamic, multivariate response of a given patient sub-group using Matlab software (The MathWorks Inc, Natick, Mass). To perform this analysis, the data were first normalized for each inflammatory mediator (i.e., a given value divided by the maximum value for a given inflammatory mediator), so that all mediator levels were converted into the same scale (from 0 to 1). In this way, any artifactual effects on variance due to the different ranges of concentration observed for different cytokines were eliminated. Only sufficient components to capture at least 70% of the variance in the data were considered. From these leading principal components, the coefficient (weight) associated with each inflammatory mediator was multiplied by the eigenvalue associated with that principal component. This product represented the contribution of a given mediator to the variance accounted for in that principal component. The overall score given to each mediator is the sum of its scores in each component, depicted as a stacked bar graph. This gives a measure of a given inflammatory mediator's contribution to the overall variance of the system. The mediators with the largest scores are the ones which contributed most to the variance of the process being studied (6). 7. Dynamic network analysis (DyNA) (6) was used to define the central inflammatory network mediators as a function of both time and patient sub-group. Using inflammatory mediator measurements of at least three time-points for experimental group, networks were created over seven consecutive time periods (Admission-D1, D1-D2, D2-D4, D4-D5 and D5-D6) using Matlab software. Connections ([network edges] represent trajectories of inflammatory mediators [network nodes] that move in parallel; positive: same direction; negative: opposite direction) were created if the Pearson correlation coefficient between any two nodes (inflammatory mediators) at the same time-interval was greater than or equal to a threshold of 0.7, as indicated. The network complexity for each time-interval was calculated using the following formula: Sum (N1 þ N2 þ. . .þ Nn)/n-1, where N represents the number of connections for each mediator and n is the total number of mediators analyzed. The total number of connections represents the sum of the number of connections across all time intervals for all patients in a given sub-group. In previous studies, we showed that rising network complexity is associated with rising MODScores when comparing trauma survivors versus non-survivors (7). 8. Spearman correlation was performed to measure the strength of the association between the Luminex data for two different mediators using a modified version of a Matlab-based toolbox described recently (7) . A P value of less than 0.05 was considered significant.
RESULTS
Differential dynamic inflammatory responses in matched blunt trauma survivors and non-survivors
Our primary goal in the present study was to determine if SNP differences could be observed between trauma survivors and non-survivors. DNA samples of 453 patients were obtained from a parent cohort of 493 blunt trauma patients, of whom 397 patients had complete daily clinical and biomarker data (Fig. 1A) We sought initially to confirm key differences in systemic inflammatory responses between trauma survivors and nonsurvivors before proceeding with genomic analyses. In a recent study, we have demonstrated that, when compared with highly matched survivors, trauma non-survivors exhibit elevated IL-17A responses and rising dynamic inflammatory network complexity (7) . In the present study, our data confirmed those results in the 13 non-survivors versus 13 matched survivors in our study cohort (Fig. 2, A and B, respectively ).
An enrichment strategy yields seven novel singlenucleotide polymorphisms that distinguish blunt trauma survivors from non-survivors Genomic DNA samples were obtained from 453 patients, for whom complete daily clinical and biomarker data were available for 397, including the 13 non-survivors and 13 matched survivors described above (Fig. 1A) . All 397 DNA samples were amplified, fragmented, and examined for 551,839 SNPs using the Infinium CoreExome-24 v1.1 BeadChip (Illumina). Allele frequencies (homozygous: AA or BB; heterozygous: AB) for each genotype of each SNP were compared between the matched groups. This initial step resulted in a total of 126 SNPs that discriminated between non-survivors and matched survivors (Fig. 1B) . The discriminative SNPs were compared between the 13 non-survivors and further 371 survivors, resulting in a total of 7 SNPs that were present at 100% in the 13 nonsurvivors (Fig. 1B, Table 1 We next hypothesized that survivors with the same seven SNPs as the non-survivors would have worse clinical outcomes and a different dynamic inflammatory response as compared with survivors with none of the 7 SNPs characteristic of the 13 non-survivors in our cohort. A total of 10 survivors were found with the same 7 SNPs as non-survivors (referred to as ''S-7 SNP''). Accordingly, we matched the S-7 SNP patients manually with 10 survivors, none of whom carried any of the 7 SNP genotypes as the non-survivors (referred to as ''matched S-0 SNP''). Contrary to our hypothesis, there were no statistically significant differences between S-7 SNP and matched S-0 SNP patients with regard to total hospital length of stay, ICU length of stay, requirement for mechanical ventilation, and days on ventilation (Table 2 ). In addition, there were no significant differences in nosocomial infections (Suppl. We next compared the dynamic inflammatory responses of these two patient sub-groups. We measured plasma levels of 31 inflammatory mediators over a time course of 7 days following injury. Eleven of these mediators showed statistically significant differences between S-7 SNP and matched S-0 SNP patients: S-7 SNP patients expressed higher levels of Eotaxin (P ¼ 0.0036), IL-21 (P ¼ 0.0255), and IL-22 (P ¼ 0.0351) versus matched S-0 SNP patients, but lower plasma levels of IFN-a (P ¼ 0.0116), IFN-g (P ¼ 0.0011), IL-1b (P ¼ 0.044), IL-2 (P ¼ 0.0059), IL-15 (P ¼ 0.0018), and IL-17A (P ¼ 0.0026), MIP-1a (P ¼ 0.0119) and sIL-2Ra (0.0039) (Fig. 3) .
Computational modeling suggests a role for altered Th17 responses in S-7 SNP patients versus matched S-0 SNP patients, which in turn differ from those of non-survivors Our next goal was to identify the principal characteristics, and thus possibly identify main drivers, of the inflammatory responds of both S-7 SNP and matched S-0 SNP patients as well as of matched survivors and non-survivors in an unbiased way over the first 7 days following admission. Therefore, we utilized principal component analysis (PCA) of the dynamic, multivariate data of all four cohorts. In this analysis, the overall score given to each mediator is the sum of its scores in each principal component, depicted as a stacked bar graph (Fig. 4) . This gives a measure of a given inflammatory mediator's contribution to the overall variance of the system. The mediators with the largest scores are the ones which contributed most to the variance of the process being studied.
This analysis pointed to type 17-related immune mediators (8) in all patient groups (Fig. 4) . In S-7 SNP patients, IL-33, IL-22, IL-17E/25, IL-17A, and IL-9 were the most relevant inflammatory mediators (Fig. 4A ). In the matched S-0 SNP patients, IL-17A, IL-1b, IL-2, IL-10, and IL-17E/25 were the most relevant inflammatory mediators (Fig. 4B) . In non-survivors, IL-22, IL-33, IL-23, IL-17E/25, and IL-1b appeared as the principal characteristics of the inflammatory response (Fig. 4C) . In the matched survivors, IL-17A, IL-1b, sIL2Ra, IL-2, and IFN-g appeared as the principal characteristics (Fig. 4D) .
While the mediators of S-7 SNP patients had a low weighting of less than 0.25 in the PCA (Fig. 4A) , the other three cohorts (matched S-0 SNP, matched survivors, non-survivors) had higher weighting levels of greater than 0.5 ( Fig. 4B-D) . Six components contributed to the profile of S-7 SNP patients (Fig. 4A) , while there were four in both non-survivors and matched survivors (Fig. 4, C and D) and three in matched S-0 SNP patients (Fig. 4B) . Non-survivors showed a condensed PCA pattern of inflammatory mediators with a drop in PCA weighting after 16 mediators (Fig. 4C) , while the pattern of the other three cohorts (matched survivors, S-7 SNP, matched S-0 SNP) had a more spread profile with only small drops in PCA weightings (Fig. 4, A, B, D) .
Taken together, these results suggest that non-survivors exhibit a systemic inflammatory response that comprises a more restricted number of pathways recruited over time as compared with the other three groups. Furthermore, this analysis suggests that S-7 SNP patients undergo a dampened systemic inflammatory response as compared with the other three groups.
The PCA and two-way ANOVA results suggested that type 17 responses play a central role in the post-trauma systemic inflammatory response of all patient sub-groups in the present study. Kuchroo and coworkers have described a sub-population of type 17 cells known as pathogenic Th17 cells that, in addition to expressing IL-17A, upregulate GM-CSF and downregulate IL-10 in a manner that is potentiated by IL-23; a reciprocal cell population, non-pathogenic Th17 cells, coexpress IL-17A, and IL-10 (9). As mentioned above, we demonstrated recently that trauma non-survivors exhibit a positive correlation between IL-17A and GM-CSF-while exhibiting a negative correlation between IL-17A and IL-10-thus suggesting a shift toward pathogenic Th17 cells that characterize, and may be involved in, the systemic inflammation associated with mortality in trauma patients (7) . In that study, matched survivors showed no correlation between IL-17A and either GM-CSF or IL-10 (7).
We therefore hypothesized that one potential mechanism by which S-7 SNP patients avoid the runaway, self-sustaining systemic inflammation following injury that is characteristic of non-survivors is due to an altered Th17 balance as compared with non-survivors. As in our prior study (7), non-survivors showed a significant, positive correlation between IL-17A and GM-CSF (r ¼ 0.51, P < 0.0001; Fig. 5A ), while matched survivors showed no correlation between those two mediators (r ¼ À0.06; P ¼ 0.63; Fig. 5C ). In contrast, IL-17A and IL-10 exhibited a significant, negative correlation in non-survivors (r ¼ À0.34; P ¼ 0.007; Fig. 5B ), but not in matched survivors (r ¼ À0.05; P ¼ 0.66; Fig. 5D ). Thus, non-survivors appear to exhibit a bias toward pathogenic Th17 cells.
In contrast to non-survivors, S-7 SNP patients exhibited no significant correlation between IL-17A and GM-CSF (r ¼ À0.17; P ¼ 0.21; Fig. 5E ), but showed a significant, positive correlation (r ¼ 0.51; P < 0.0001; Fig. 5F ) between IL-17A and IL-10. Thus, S-7 SNP patients appear to exhibit a bias toward non-pathogenic Th17 cells. In contrast to S-7 SNP, matched S-0 SNP patients showed a significant, positive correlation between IL-17A and GM-CSF (r ¼ 0.52; P < 0.0001; There were no statistically significant differences in total hospital length of stay, ICU length of stay, requirement for mechanical ventilation, and days on ventilation. potentially a shift toward type 2 inflammation. Interestingly, the data in matched S-0 SNP patients suggest that upregulation of pathogenic Th17 cells, while a hallmark of non-survivors, may be compensated for by both the absence of the nonsurvivor SNPs as well as the lack of downregulation of nonpathogenic Th17 cells, and thus allow a more balanced inflammatory response to take place.
DISCUSSION
Over the past three decades, the search for early biomarkers that are prognostic of trauma outcomes has led to an extensive and growing list of cell populations and their inflammatory mediators (1). More recently, this search has been extended to examine the potential role of individual genetic variability, in the form of SNPs, on trauma outcomes (2, 5) . These genomic studies have defined the roles of candidate SNPs, typically in genes encoding inflammatory cytokines (e.g., TNF-a (10), IL-6 (11), and IL-10 (12)); pattern recognition receptors (e.g., Tolllike receptors (13)), and downstream signaling intermediates (e.g., kinases downstream of Toll-like receptors (14)).
The main limitation of these studies is their focus on investigator-defined candidate genes, and, thus these studies represent tests of specific hypotheses regarding the role of previously established mediators or signaling pathways. The alternative approach is to carry out a genome-wide association study to identify SNPs associated with specific outcomes. The advantage of this approach is that it is substantially less biased. The main disadvantage, however, is that this unbiased approach requires a very large number of patients to deal with inter-patient variability as well as the fact that the number of variables (SNPs) is much larger than the number of available subjects (15) .
In the present study, we hypothesized that an enrichment strategy based on identifying SNPs that discriminate trauma non-survivors from highly matched survivors would allow for a relatively unbiased screen for SNPs that characterize these two key trauma outcomes. At its core, our strategy depends on the identification of highly matched subjects whose outcomes are drastically different. We therefore suggest that this novel enrichment approach could be useful in multiple other disease settings, both in the critical care arena (e.g., sepsis) and other diseases in which dramatically different outcomes are observed along with large interpatient variability.
This enrichment strategy led to the identification of 126 SNPs initially, a list that was reduced to seven SNPs upon comparison of non-survivors to a broader population of trauma survivors. For three of these seven SNPs, neither the genes nor their products are known.
For the remaining four SNPs, more information is available. Ref SNP rs2065418 is located inside an intron region of the MPPED2 gene, and encodes metallophosphoesterase domaincontaining protein 2. Currently, there are only 13 PubMed entries for MPPED2. A recent genome-wide study suggested that this gene influences the estimated glomerular filtration rate (eGFR), and appears to be associated with renal function in patients with chronic kidney disease (16) . Another study associated MPPED2 with the pathobiology of experimental ventilator-induced lung injury (17) . Yet other studies suggested a loss of the antiproliferative functions of MPPED2 in tumor neogenesis (18) , and found that increased expression of MPPED2 is associated with better outcomes in neuroblastoma patients (19) . We therefore speculate that a certain MPPED2 genotype, likely AA, possibly impacts the renal function of trauma patients and/or leads to lung damage in patients receiving prolonged mechanical ventilation. Due to its putative antiproliferative function, it is also possible that MPPED2 AA impairs the tissue repair mechanisms of trauma patients.
Ref region of the SLC25A32 gene, encoding for the protein solute carrier family 25 member 32, known alternatively as mitochondrial folate transporter/carrier. There are 13 entries on PubMed for SLC25A32. The SLC25A32 protein transports flavin adenine dinucleotide (FAD) over the mitochondrial membrane, ultimately helping drive the production of adenosine triphosphate (ATP). SLC25A32 is thought to play a role in multiple acyl-CoA dehydrogenase deficiency (MADD)-like diseases (20) . Since recovery from severe injuries is a highly energetic challenge for the body (21) , an altered activity of this FAD transporter due to a distinct genotype (according to our findings, the AB genotype) could lead to worse outcomes after trauma caused by an impaired supply of ATP.
Ref SNP rs3098223 is located inside an intron region of the DCAF13 gene, and encodes for DDB1-and CUL4-associated factor 13. To date, there are no entries for DCAF13 on PubMed. However, DDB1 and CUL4-associated factors (DCAFs) are substrates of the CUL4-DDB1 ubiquitin ligase, which is a Fig. 4E ), but showed a significant, positive correlation between IL-17A and IL-10 (r ¼ 0.51; P < 0.0001) (F). In contrast, matched S-0 SNP patients showed a significant, positive correlation between IL-17A and GM-CSF (r ¼ 0.52; P < 0.0001) (G), but no significant correlation between IL-17A and IL-10 (r ¼ 0.21; P ¼ 0.08) (H).
regulator of cell proliferation and survival (22) . Alterations in the gene could lead to impaired tissue repair after trauma.
A key aspect of the present studies was the use of computational modeling. Our group has previously combined transcriptomic and genomic analyses with computational modeling to gain a greater understanding of the role of inflammation following traumatic injury (23) . We have described the potential utility of PCA to gain insights into experimental trauma/hemorrhage in mice (6) . In the present study, we carried out PCA to define the principal characteristics (and potential drivers) of the dynamic, multivariate inflammatory responses of non-survivors, matched survivors, S-7 SNP, and matched S-0 SNP patients. In a broad sense, this analysis suggested that nonsurvivors exhibit a systemic inflammatory response that is comprised of a more restricted number of pathways following injury as compared with survivors in general.
This analysis also led us to the hypothesis that the type 17 immune response, and more specifically the Th17 response, is a central characteristic of these patient groups. Notably, none of the SNPs we identified are those previously identified in the Th17 pathway (24) (25) (26) (27) (28) (29) , though these SNPs were included in our array (data not shown). Combined with subsequent correlation analyses, our results lead us to posit that there is an interaction between genetic predisposition for inadequate tissue repair or dysfunctional energetics, along with early (or pre-existing) immune/inflammatory state, in driving survival or death following severe traumatic injury. Indeed, it is tempting to speculate that having the seven SNPs we identified as distinguishing nonsurvivors from survivors may lead to a lesser degree of tissue repair. This deficit may act in concert with a robust, selfsustaining inflammatory response (an ''inflammation accelerator'') driven by pathogenic Th17 cells, together leading to death. We would further speculate that patients who survive despite having the same seven SNPs as non-survivors do so because their immune responses are dominated by non-pathogenic Th17 cells, which act to limit inflammation induced by the initial injury as well as secondary organ dysfunction (an ''inflammation brake pedal''). Indeed, the systemic inflammatory responses of S-7 SNP patients exhibit elevations in the types of cytokines that limit Th17 responses (e.g., IL-21 and IL-22) combined with lower levels of IL-17A. Furthermore, PCA implicated the anti-inflammatory IL-17E/IL-25 as a central driver of this process.
In the matched S-0 SNP patients, it is tempting to speculate that upregulation of pathogenic Th17 cells is compensated for by the absence of all 7 SNPs that are characteristic of nonsurvivors, which might act in a tissue-protective manner. This may explain why matched S-0 SNP and S-7 SNP patients do not exhibit significant differences in clinical outcomes such as ICU length of stay or duration of mechanical ventilation. Indeed, none of those patients have both a pathogenic Th17 response and a higher tissue vulnerability simultaneously. These hypotheses are also reflected by the MODScores of each group over a time course of 7 days (Suppl. Fig. 2 , http://links.lww.com/SHK/ A634), but given the overall low number of trauma nonsurvivors as well as survivors exhibiting the seven non-survivor SNPs within our inclusion/exclusion criteria, they must be tested in a larger patient cohort.
Another key cytokine that was implicated in the responses of S-7 SNP patients by PCA, and which is known to synergize with IL-17E/IL-25 in driving type 2 innate lymphoid cell responses, is IL-33 (30) . Tissue damage can lead to the release of damage-associated molecular pattern molecules (DAMPs) that alert the immune system to potential breeches in barrier integrity (1) . Interleukin-33, a member of the IL-1 cytokine super-family, is expressed constitutively in the epithelium and acts as a DAMP after tissue injury by activating immune cells through its cognate receptor, ST2 (31) . Recent studies from our group in trauma patients demonstrated elevated circulating levels of IL-33 early postinjury, which were correlated with increases in the type 2 cytokines IL-4, IL-5, and IL-13 (32) . Based on studies in a mouse model of trauma/hemorrhagic shock, IL-33 drives IL-5 expression by Group 2 innate lymphoid cells (ILC2) and CXCR2 þ neutrophils in the lung (32). Thus, it is possible that IL-33 also helps limit inflammation in S-7 SNP patients by downregulating Th17 responses (33) and promoting type 2 inflammation (34); our finding of elevated IL-5 in S-7 SNP patients would support this hypothesis.
This study must be interpreted in the context of several limitations. A key limitation is the size of the patient sub-groups we have identified; clearly, this study must be validated in a larger and more diverse trauma patient population, ideally sampled at multiple institutions. Another limitation involves the number of SNPs studied. Although quite large, and involving both known disease-associated SNPs and SNPs spanning the human genome, it is entirely possible that additional SNPs might be identified if full genome sequencing were to be carried out on each patient. At present, that endeavor is a daunting one due to considerations of cost and patient recruitment. Finally, additional circulating inflammatory mediators could be assayed, as could the full transcriptome, metabolome, etc. to gain further insights into factors that differentiate trauma survivors from non-survivors.
In conclusion, our study suggests a novel enrichment strategy by which to identify SNPs associated with trauma outcomes. We demonstrate a SNP profile, whose absence in any given blunt trauma patient we construe to imply patients survive an episode of moderate to severe trauma. This study reinforces conclusions from prior work which suggests a key, early role for the type 17 immune pathway in driving survival or death after trauma (7) . Notably, our study raises potentially thorny ethical questions regarding how this type of genomic information and inflammatory cell information could be used, especially in targeting care or triaging severely injured trauma patients. As such, further work is needed before the full significance of the genetic polymorphisms we have identified is understood.
